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mm I i-vmit^m^mif<r>^mmmm^ 
i.^wiLxm.wki 1 1 -v^^t-^!i?!i^«£®m 
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imm2 ] ±mM-^:^^t ix.. imsmnwt 

imm 3 ] ±simmimim^ m- mit-^ 
{mm4 ] ±mitm 1 1 1 -ym^-^mmi^ 

imm5] ±mm^ 1 1 1 -ymit-^^^mn^ 

c: b imbtimmsmm^i^com-m. 
m^m 6 ] ±mmm 1 1 1 -vmit-^m^mn^ 

bii^b-tmms^co^^m&^um, 

m^hizb^mbi-hm^3sm<D^^wm 
imma] ±m.^-7x^iimmm^(o^j:h:ibt: 

iihfz!i'^^j:< bi,-'^mmmm^-(>^j:&zb 
b-timmsiiMmmm&^-m, 
immi 1 ] iSB^^^x^^mv am(o±m. v 
am>^m. V I amco^mtiiw i A^i^^^rnxv 

-^mA^fy^hzb imLb-tmsmssSMco^mi^ 

amo^m. V I aiScO^gfc il^N i *»4>^rSSP J: 0 

^mbwm.mbmMm^iy^j:hzbimLbth 
fliifSjiR 1 1 1 -vmL-^m^wm^ma^ {11-2 

0) iB*!ttt { 1-100> iSt^rSidKJgjSStit 



i¥bm^j:mmti^^^j:imR±izmm.m'ttXoiz 
lt:miiimLcomimi>zis\>^X . 

±m.^^xifbbx. imsmfmttiitemm 
x^m\^h::b^nwLbti^mimR<om.ijm, 

immi 6 J ±iB^f«iMft!fij^ III -vmit 
^mmwx%^ i t srmt-rsfi^ i Amtn^ 

imm 1 7 1 ±iag^bii^ 1 1 1, -vmit^mm 

immi 8 ] ±mm-itm 1 1 1 - vk^c^^ 
mw^mit^ms^m^zi m^^^tix a t 

1 9 ] ijeM^ii^R 1 1 1 - vmit-^wm 
m-!^^x.\f^^^y-mizj: Xoizit: 

sfflR-c*>s i b mmbtm^ 1 6iei8o#^«c 

al^co^. V I afi|co^JlJ3J:t/fN i *>f>:5:SSf i 0 

[ mtm 2 5 1 iJSfig^v;^ ^? {i I V a . V 
am<0^m. V I aS6C7)^Sij J:i^N i *>4>=5ri.ffif J: 0 

-^mbmmmbmmm-^^izb^mbti 
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mim 1 1 1 -Ymt-^mmwrn-^mi}^ { 1 1 - 2 

0 ) mttc\i {1-10 0} mt^j:hi:om^^tiX 

V i i: i:mt -ri.if 1 6 imff^^^mwmim 
mm. 

m.i y y \^y^^ttzliJi •/ i-yi/izi 0 mitt X o 

mm, 

mm.3 0 ] ±BS^vxi? fc LT , {jBTs mm 

imms 1 ] ±iB^flcJigfl:!|&5S 1 1 1 -vmit 

imms 2 ] ±smm^ m - vmit-^m 

Ucz t t:mbttm^j^ 3 1 w&<o^imimm<m 
mm. 

imm 3 ] ±§mm^ n i - vmt-^^ 
m. 

[if*3i3 4 ] ±smmM: III - vmt^m 
m^¥wi:j:.\^i^^i^~mizxm^^-^txdizuz 
z t imti-i>mm3 1 ssmcDmi^^cmm-jj 
m. 

imms 7 ] ±^^^x9\i::jm.^A m.^ 
immssi ±m^'?xi^tizMitir^mm.m 



{mim 3 9 ] IMmrrx ^mv am<7)±^: V 

aim^m. V I amcO^mi/N i 0 

■^wtii'>^^j:hzb^mLbi-?>mm3ismff^ 
[is*«4 0 ] iM^^-^x^ii 1 V am<r>^m. V 

a]l<^iS, V I aSico^StJ j:t/N i *»/5>!5rSSf J: 0 

fi*«3 1 mcomi^mcomtjm. 
[it^4ii m^M-^x^fimm^tiim- 

itm 1 1 1 -vm.^mmwm^mti^ \11-2 
o)mtrM {i-ioo)mb^j:i>xoizm^^iix 
\^hzb^mbi-hmim3issmco^#^m 
mm. 

mimthxd izLtzLb i:mLbthmm2 9 
mff^mmmmm. 

icLt:z b imLb-tm^m2 9smco^i^m<^ 
mm. 

[0001] 

m. miiim<^mmi3J:r/mmm('>mm 
mi. miz. mm^i i i-vm^t^^i^m 

iFffymizm Lxnm^j:i>(oxhi. 

[0002] 

immwj] a^. A 1 Ga I nmb<^mmm 
1 1 -vm^t^mmm\>\ ^mmij^^mfmm 

^- \^^j:b'<7)^mm=?'m^mmzmhx><^ 
h. ^mx%>mz. mm<r^mx\i. 'tt'f^xi^i^ 
mi^mm^i.^'ihfiMz, m.m,<r>mAm 

hiih^WV-^ff)^iW^^hixX\^hi 

[00 03] AlGalnNi^^frU— 1f 

fctJV^T . 7 T -f TWSLUZ^W) ( G aN ) 
i!}>i^^j:tJ^'yyrm^ifLX^'mj^l I l-vmit-^ 

mmm ^mmmf^is^M ( m o c v d > at 
j:*)^^^-tizbizxr>. mmzmt3oomm) 

W^m^^^^iXX I ( Jpn. J. Appl . Phys. 35. L74(l 
9%). Jpn.J.Appl.Phys.36.L1059(1997)) . Li^L^ifi 

^> , -9-7 r ^ rmib GaNb X'ii.m'!mi>m^9^ 
mi>±^<m^j:hZbi}^(>. ^yr^rmSLHz^^^ 

^i^mm^ 1 1 1 -vmit^mmii ixioo 
~i X 1 09 m/cmt ms.(omm& immmm 
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1 0 0 0 4 ] m . -e«o-otG a NmRffymififi 

i>mii. ^7r^7m±izJ^yyrmi-fttXGa. 
m^^^^-t\ ^<^±iZl^4Mmm<r>Xh^-(T^ 

ff)zm^t^^m ( s i 02 ) 7 Atmoe-y^-cjg^ 
Lf.i&^-?xi^i:mmt. z<r)^^-?xi^i:m^^xvy 

r ^ rm^iz&mme:^ i^-cju^mizx o 

if^t&Zb izX 0 G aNmL^W&-t?>h(7)X'h^ 
(Jpn.J.Appl.Phys.36.L899(1997) ) , ^(DtmizXix 
li.&^'^X^^liZ^^lfzGaNm. t^hhGaN 

m.<r)mm^m&i i x i o^ ii/cm« m&izt 

X'&miZbifiT-^h. 
[0005] 

m^GarimcowMmxii. mmcommm 
^mim-tii>co<D. ^^mi}^m:kthiz-^tix-t 

s^. ■9-7 r rmmcomixmx'^^ -y \^yfmizxif 

xito, ttz. zcoR^fzGa Nm.±izm.m^t: 
imt^n^izii. m^Bm^iznhtiiyyfhvvi^ 

[0 0 061 Ltiifi-yx. zmmmma. 
'^jmm:f)<m^m±izm.miJk 1 1 1 -vmit 

^mthzttzht. 

[0 0 071 

i£. ±MmMmmm^xh?>&^m(7)^^K*) 
a. &utmMm^mmizx mmizm.Ltzmij 
(cissi^jfc&<&p> !BM^^iximz.ht^MmiznMd^ 

4 1 hijmziimwmm ^ sr^v ^ m , 

ti^h^h&^'cii. ^m<^ {11-20) mmt 

!t{4 { 1 - 1 0 0 > ffiSPCTfftm-tsc: t &mv^ai 

i: . :^ h 9 'f rtzm'>t:m0)mi)<mi-i> Zt^M. 



[00 08] ini?>oc:tj:'9. mmktimitm 

I I I -VK£^!fe^^«cOg^ffi*i { 11 -2 0 > ffi 

tfzii {1-10 0} mt^j:^xoi,z^^'7xi^im^ 
•tinbizx*). mM<Dnm'^Km:kUizm:}rt 
zffiXd^M^-^x^bixti. Mmi,zii^ sm 

[0 0 091 $<i>fc, JJUiOitJi. R«!5:ttS*Srr 

i^^^-^&^izhmmizm.tnhi,coxhh, 

[00101 Z(7mm\i. ^m^izXli^Xt<Di:o^j: 

mnzm'^\>^xm\ii^iiki><oxif>i. 

[0 0 1 1 1 t^j:hii>. ±mm^m^'t^fziblz. Z 

<rmm% 1 <m^\i > mc^x ^ ^Wi^^x^m z 
<r^^bW£hnm^t:,ts:hm±\mm3c^'ih 
i 3 tc Ltz^^m.^-m}izii\rc . mrix^ b l 

-Vk'ytt:<b%i~U^-^Xsm.^X7^1^\^hZb-^ 

^b-fh\>inxhh, 

[00121 Z<rm9i<m2<rMmi. ^^-^X^ Srffl 

\^x^mz<r^^bmts:himt^hti:hw^\z 
wm.^%^h i d uz^wmm'm.-)mzii\ > 

[0013] c:<of6BJ<om3<ol%B3li, ^^-^xi^^m 

\^x^^mz(r>^^^bmi,mi^'l^>^J:&msLt^z 
mm.^^-^^ x^iz itc:mi¥ms<owmi}mizi3\'^ 
X. m:-7x^bLx. imsmfmtmiemmn^ 

[0014] CO^B^trfev^T. ASWt^Ji. fig^^vx 

t LT , {j»3 m^js^^y-cji 6 mmmwm^t 
zm^-?x^ii. smfmmwm^i-i^^i^-y 

f^^-yb emmmmm^-thni^'-ybifimiE. 
[00151 Zff)^liZi5\^X . wm^^'ti>^t^ 
z<r>wmm I i-v^{t^i|i^*{4, 

m#:Wfc{4. ;^'J'>A (Ga) . r;P5-'>A (A 
1 ) , ^yi^^A (In), *>>^ (B) tJil/rJ";-!? 

A (T 1 ) *>i5>^r&»J; OS!tfnfe^^r< i: t-^co 
I I immb. iJ'-=5r<i:tg^ (N) Jl^fc 

ioTSfstcbS (As) i^iJiyy (P) 5r-t-tfV]K 

W<f>Skim^mfhb. OaN, AlCaN. A IN; 
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Ga I nN. A 1 Ga I nN, InN^t'X'h^, 

100 161 ;iff)mtzt3\^x. mitmm i i -vm 

w<mm.^\.zi,i. m&Bi^^m^^ (Mocv 

D) ft^^H^xt:?^j^~ (MBE) ffi^rfc'S-fflv^r 

[00 17] :iffmRizn\^x. mLt Lx\i. wm, 
m^mmm 1 1 -vwt&mmmmmM^ 

mUM^ (ZnO) . (Si ) . hit 

:ff^J^A (GaAs) ^t'*><^^|,i,<7)*^^Ki^^^^,^^> 

«ttfZiffl:4r.f 3)1 ( S i Oj ) , ( s 

iN) . it'fbT;W$-'>A (Alj O3 ) ^ri:*»/^:5r.& 

< i: i>z-o(om<7)wmm. i v ai^<o^m ( t i , z 

Hf^ri?) . VaSma (V; Nb. ta^ 

if) . VI ali<0^ (Cr, Mo, W^t') isXX/N 
i *»^>^rl.af i OS{m:^it^^< i: i,-m.co^i)-h 

IS. V ajl^co^m. V I am(^mi5iX/N i A>^>^S 

[00 183 z<7)miz}5\,^x. mm^^^^^K^^ 
mm^mmmi 1 1 -vmit^mmi'iiX'hhm-^. 

< 11 - 2 p > yt{4 < 1 - 1 0 

[0 0 19] :i<o^mcom2i5ix/m3ff)mnizti\^x 

[0020] ±M<0J:dizmmtifzZ<DWBzi5\^X 

J^«;tt2:#rs A^'->?J:i!^^:< t i^-mzistt^^-? 
x^i:m^X\>^h:itizX*). iO«;iv;^^'S-fflv^'C 

M^tei 1 1-vm.^^mmm.izmiRm 

-VK-fb-^it^^ttciOgh&BBj&t 1 1 1 - 2 0 

{1-100} mt^htiib. Awsii. m.tff)BM 



[0021] 

xmm^:miLW(i>wimth. =5:*j. mmm<^i^ 
(cfev^T, ^ttiiinjm-imiiziim--m^m 

[ 0 0 2 2 ] ^:r, zmmm i <^ii!fijgffi(c i s g 

aN^^#:U'-if<0tBg^r^{COV^TiiDH-rS. 01 

"9*143 CH (Separate Confinement Heterostructure) 
mititti>h(OX'h^, 

10023] zmiffmmmtzt5\'^xii. t-r. m 
±izmniMocvDmiiZX*). mui5 2ox:<7)i§,m 

Tm^i^mms O n m<r>G a W^-/ 7 r Jf 2 

■tS, ^tOGaNyN'-y 7 rl2{4#fHMCCi£V^jS^*> 

T'i>l). C:cOGaNA>y7rJi2CO^;itj3V^T{4. JS 

ipf;yxfc LTI4. mtf, hy^f-;l'XfU'i'A ( (CH 

3 )3 Ga) :(fXb7y=f:-T (NH3 ) i/Xbim^i^ 
l>. <J:tC. C:c7)GaN>'N'>y7r«2±t, miUMOC 

vD.mizx 0 , 0yi.«f 1 0 2 ox;coiajSTJf §*«fiRixJf 

2 M m(OTMG a.NJi 3 €r)S^$ . 
[0024] 0 2 tC^-t J: 0 1 . TifiG a NS 3 
J;fc. CVD&fcJ: Os 0!li(f4 5 OV<omX 

m^tmmo. i/zm<^)Si02 iSi&mL^^*, ^ 

OSiOa JlSr7:rhUV/77-f-ffifcJ;t;fx-yf-y 

mk<D^^-7x^4imm-i. msiziptxoiz. z 
j-i^f-ycomnm aim^mto-^xi^^Ahiirix 

r^7ms.l(^<ll-20>1}mt:li<l-10 

0>1imzmz^j:lXoizfl, ttz. Z(r)m^'?x 

bt. ^tlh(^m<^'?X^mbcommi\i3umb 

[0025] i5^{C. fRJ;ctfr-feh>' (CH3 COC 
H3 ) fc^:?y-;KCH3 OH) tfcJ:'). JS:^VA 

^feSJLyiJSlr (HC 1 ) tfdimili^yym 
( H F ) 1 om&iStt:Ut. WiiizX Omi^ 

10 0 2 6 ] mz- m4iZ^X dtc. jR:g'7Xi742: 
ffl^r^T, W;ltf*g'(l:!B5^fflxtr;J'4rv^;Pfi£:iS(zJ: 
0> 01|t{41OOOX;o?aS-C'GaN«5$-«l:&|6lKSI 
C:<^GaNa5C038RjS:&ttJV^TI4. 
Mi-tf. 1 U-y WI^/;a-(^iiSi|-Cryt^.T (NH3 ) 



t 
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^t^U'^A (GaC 1 ) /fxkmi^i-h. Ga 
X^' 4(0^0^4 ac7)TifiGaN®3±A>A,vx^'g5 

4h±izmmzmm.^tiGam(r)m'^mti. ^ 
^'7Xi'4(ojEE.nmcomDSi4 acomti^cm^yr^ 
rmi 1 <o < 1 1 - 2 0 > ^ri6ifc:¥ff^:^K«G a n 

<r) { 1 1-20} ffit^O. ^^^X'^4<7)i£E.-nm<r) 
^□SR4 a<0ja*<CBlf7 r ■< 1 <0 < 1 - 1 0 
0 > :fr.|6]t¥*T^J^tC:{4G a NCO < 1 - 1 0 0 > ffit 

^<0^iftM<0#ie^<0;PIScDGaNfl5*<#^>fl|,. 0 
5 fcCBrHf7 r-f Tfflg 1 itf G a Nl SOSSfi^rffi 

[00271 z.<r)Xo{zLxmm.^^fitzGam5 

[00 281 aet^-tiptc. CM^f:7r^r 
1 ^j:iii^<r)^mti^hmmwm^zy <y ty^^ 

[00 2 91 07(C*-rJ:^t. ^cOi^tcLT 
#^n/cJilS<OG a NJl 5 2r G a NS«l t UTfflV^-C . 
'?-<^±{C0!l;itfMOCVDffitJ: 0 nSA 1 GaN^9 

•yHJie. nm.Gsinmm.mi . muiGs^i.., in 

, N/Gai.^ In, N^Mi^#F1«i§c7)«ttJi8, 
pSA IGaN^r-fr-yTJig, pSGaN^I^SJ^l 
0, pSA 1 GaN^'7>y H«llfc<kt^pSGaN3 

<7)Tmt ^1. G a N« 5 mm&xm^mmmm 

3^4naAlGaN^5-yh'l6. nSGaN3\5#ai 
7. pffiA 1 GaN^^f-v^yrag, P^GaNJt^jS® 
10. pSAlGaN^'^'yHSllfcJrlXpSGaN 

3yif^hmi2 <7)^^}^imni 100 ox:gsi: 

I nS:^tflf$)I.Gai., In, N/Gai., I 
n, N^M^#FfilJi<0»Stt^ 8 iOjS:gjaS(i0y;tlf 
7 0 0-^8 0 0X;i:-rS. *3t, in<i><OGaNj^^ 

JU/fO^A ( (CHs )3 Ga) . AmmtlXiih 
Oji')-fUT/U$.-^A ( (CH3 ) 3 A 1 ) . I nWm 
tlXiihO^^fHy'J^A i (.eUi )3ln). 
NH^fi: LT«ry^:-T (NH3 ) ^fflv^S. tt:. 

^■^V7:^xtLxii, mm. m (Hj ) t^m 

-'''?yhi:UT»i0iJ;ltf*/i^9>' (S iH4 ) , pS 



^f^i^^A ( (MCp) 2 Mg) J-fflV^S. ttz. Z 

tii^cnmcrim^co-mimfib. nSAiGaN^'^ 

■yKJ16{iO. naGaN:)|£^^7{iO. 1 

Mm, pSAlGaN^-V-y 7*191*2 Onm. pMG 
aN^fmWSlOiiO. 1/xm. pSAiGaN^'9-y 
Hll lJiO. pSGaN3y^':7hai 2{i 

0. 5/xmi:-tS. iiOtIi, pSAlGaN^-vyTl 
9. pMGaNJl^llO. pSAlGaN^^-yK 
SI ItJitXpSGaNny^'i? hMl 2tK-r$tl 

<^^y8uioiaK{ii5!i;tif7 0 ormsti-s. 

[00 301 ij^fc. maiz^Xotz^ pSGaNny 
:?:J'bWl 2±(CB»r^i|imh5'frj^«0Wi/XhA- 

IE) St:J:0pSAlGaN^'5-/K«l 1<0©S:& 
|6l<7)^«1»<Da5§ i-CX y f-y^<L , y <y xSP^Jgj^ 

[00311»:tC. >J»/J/'g|5<0pSGaN3y^':7M 

1 2±tC^J;c.<fN i/Pt/Au]l*>4>^r-S>piiimfiil 
3Sr?^^-r-?.fcfctt. GaN15. t^j:h*>GeiNm 
<R«OSBl=0ixif T i /A 1 /P t/Aul83&»<i>5:S n 

mmi4%ms:th, 

[0 0321 zcDik. i^xoizixi'-^mmm 
^^titzGams. -f^h^G aNmLimmizx*) 
^^-mzMxLxm^mfQmm^t, ^hizztih 
<^)^smmizim3-T^yi^mLt:^. 
i:mmizx*)^yriti-?>. mtio. m^bti>s 
cH^iiieioG a Nm^mwi^—fifimt^ixh . 
[00331 &±eoi. 0 fc, icon 1 (omsmmizxti 
li. 3m%c7)im^i^-tiiEE.m^-^^-y<^mn 

g?4 a*<VX;?gP4 b ^■ftlXUn^tltz-^X^'^'^if- 
yi^-tl^^-?X ;? 4 SrfflV ^-C G a Nl 5 jMlRfi!t:S 
S-ti-TV^Sii:fcJ:0. C<^GaNS5{iC®-t7r>f 
T^ifcco^!'S3g^iailKJ:l.l£;:^*<ig«$ix. 

GaN®5Srl£:g$-frTfe. -e^Ol^^K 0,<O^5r« 
^SfttwfiSih-f & i I: . llfiHr©cO*|gfi<7)G a 5 
$-#l)Ci:*^'CI=S. ^c7)J:o{CGaN15<7)I^^R 
0«Ol6*$rl!6it-rSC:i:*«'C#Sii:KiO. GaN« 

\fyt^izx *)m^-thm^zm'^-mti<m^-ti^/}' 

-ei-T. C:Oj:9fcLT#i5>iXl.GaN»^tV 
-if«Bii&mfSGaN^J|i«i«l^J«:gS-«i-. 
fc:U-yi-'a55:}gBgL. p|i«lil 3t5j:t^pfflimiil 4 
2:Jg|i!4-r&ii:fciO. GaAs^^flsl^-- f fc|5|tt 
(C. a$'mM(Cpil!imS;!^dc$:h.. S£«^]ii(Cnil!|« 
ffi«qgB!c§ityiflBS^#t4G a NjR3|i»f<sU— f^ffl 
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C 0 0 3 4 1 <^{C. i«0!^B8OS2<7)||StJ»®(Cj: S G 

[0035] i<7)||2(^||ifi«C*3V^'Ctt. TfflGa 
NJI3±tJ^fig-ri.^:i^X^'4tL-C. 09fc^-t<}: 

c:<0fig#vx:?4J4, emmffym&^ti-ijE^n 

mz^mz^tXdiz-tt. trz. :i(D^^'?x^ 4(0 

^EJfmm<7)Wi^m4 acmffi^^imtai umtt. 
^tii><D^<r>-7x^'^4b<Dmmni3Mmfrt. 

[00361 z<7)m2<Dmm&mzX'oxi>. mi<oii 
mmt mmm^im ztni-c^i, 
[ 0 0 3 7 1 zm,mm3comtmmizx s g 
a m^i^u-fcom-:fjmi>z^\ mm^ , 
[00381 z.(om3(ommBmi,z}5\>^xii. mi ot 

^4mm-i>, :L<r>^^'7x^4tLX\i. msttz 
kim9i,Z7Tcfiio-^j:'?x^'j^i^-y<r)ii<r)^m\^h> ^ 
Lx. :LffiWiMr7xi; 4im\yc. cm^yr^^rWR 

l±(CGaN®5^StR«:^§-<i-S. i<r){iL<r>Zt\m 

i<rmmmmmx-ht<ox\mm'm-t^. 
[00 3 91 L<r>t^3mmm,zi'^xii.'mi<^W: 

94m^^ixtccm^yr^7mLi±Jizm^. Ga 

N® 5 IrStR^gS-tirTV^I, c: i: t J: 0 . G a NSSicO 
SBSfc<i®'5:^*« 1 mx-m^. Uzifi'>X G a 

(00401 Ja±> C<0l6BHOllSfiJg®fc-:>^>TM*W 

[ 0 0 4 1 1 n 1 ~-m<r>mmmf.z^\^x^ 

WitWM. im. mSi. Wm. ro-bX^:i:*l4*<^T 

[00421 B 1 -m3<^lliBe®(:*JV^ 

Ttt, GaNJB5c^)jaS?dt^tCHVPEffi&fflV^-CV^S 
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